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ABSTRACT 
Polymers have been synthesized from renewable resource based from waste cooking 
oil using 4,4-diphenylmethane diisocyanate (MDI) as cross linking agents. Waste 
cooking oil was obtained from Small Medium Industries (IKS's) and was chemically 
manipulated at the laboratory scale. The preparation of the bio-monomer was divided 
into two stages, beginning with the preparation of catalyst and second stage is the 
acid-catalysed ring- opening of epoxies to form polyols. The properties of these 
materials were examined by the Fourier Transform Infrared spectroscopy (FTIR), 
Tensile Test (BS 527-1 :1993) and Scanning Electron Microscope (SEM), and the 
results were compared with virgin oil polymer. FTIR test shows that the 
characteristic of ester bands for virgin oil polymer and waste cooking oil polymer at 
1743 cm -'and 1744 cm-' respectively. While the hydroxyl group for virgin oil and 
waste cooking oil monomer is at 3423 cm-' and 341 1 cm-' respectively. The polymer 
formation for virgin oil and waste cooking oil was confirmed by its functional group 
of NH near 3340 cm-'and 3335 cm-' respectively. Result for tensile test of virgin oil 
polymer and waste cooking oil polymer is 0.42 MPa and 1.34 MPa respectively. 
Waste cooking oil polymer is 69 % higher compared to the virgin oil polymer. While 
the average value of elongation of waste cooking oil polymer is 67 % and virgin oil 
polymer were 15 %. The percentage elongation of waste cooking oil polymer is 78 % 
higher than virgin oil polymer. SEM microstructure is used to revealed the surface 
fracture of materials after tensile test. From the SEM microstructure, its shows virgin 
oil polymer have brittle surface and waste cooking oil polymer shows ductile and 
brittle surface. 
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' CHAPTER I 
INTRODUCTION 
1.1 Background Study 
Most of the IKS in Malaysia has the problem of the overloaded waste of cooking oil. 
Cooking oil has proven to be a problematic material, with most people at a loss as to 
how it should be best managed. Certainly, it should not be poured down the drain of 
your kitchen sink or into the toilet. This is become fats, oil and grease that can clog 
the sanitary sewer system, causing costly backups. Nor if should be dumped into the 
trash, as the liquid wastes can contribute to ground water contamination. In 
Malaysia options for disposing or used cooking oil are limited. Disposal is difficult 
because waste cooking oil is usually in a liquid or semi-solid form and solid waste 
regulations. Waste cooking oil should not be disposed by open burning as it causes 
black smoke, which is prohibited. It also should not be used as he1 in most standard 
heating systems due to black smoke, soot, and potential damage to the system. 
In this study, the waste cooking oil was converted into bio-monomer and bio- 
polymer. This study covers the structure and property of waste cooking oil and also 
the bio-polymer produced fiom the conversion process. Besides, this raw material 
from biological resource can reduqe the cost of production, environmentally friendly 
and biological degradable. 
1.2 Problem Statement 
Recently, the use of renewable sources in the preparation of various industrial 
materials has been revitalized because of the environmental concerns. Waste 
cooking oil is considered to be the most important class of renewable sources. The 
oil can be obtained from naturally occurring plants, such as sunflower, cotton and 
linseed. Waste cooking oil can be replaced to biological degradable. Disadvantages 
of biodegradable polymers obtained fiom renewable sources is their dominant 
hydrophilic character, fast degradation rate and in some cases, unsatisfactory 
mechanical properties particularly under wet environments. Bio-polymer have 
potential to improve physical or mechanical properties and can generate reduce the 
environmental pollution and also as an alternative to petroleum based product. 
1.3 Objective 
1. To prepared bio-monomel; from waste cooking oil from Small Medium 
Industries (IKS's). 
2. To study the formation of bio-monomer from virgin oil and waste cooking oil 
as measured by Fourier Transform Infi-ared Spectroscopy (FTIR) as shows 
via its functional group (hydroxyl-OH). 
3. To study the cross linking reaction of bio-monomer with cross linking agent 
to form solid polymer from virgin oil and waste cooking oil as shows via its 
functional group (NH). 
4. To compare the performance of virgin oil polymer and waste cooking oil 
polymer in tensile strength test. 
5. To study the fracture surface by Scanning Electron Microstructure (SEM) 
based on virgin oil polymer and waste cooking oil polymer. 
1.4 Scope 
Ecological performance has become an important criterion in the development of a 
new product. Therefore, environmentally conscious alternative is to design or 
synthesis polymer based on waste cooking oil from Small Medium Industries 
(IKS's). The resin or bio-monomer from waste cooking oil was prepared by two 
steps which is first stage covered catalyst preparation and second stage is 
condensation technique. 
The test specimen has been prepared by mixing some amount of bio- 
monomer with cross linking agent. The preparations of the virgin oil polymer and 
waste cooking oil polymer have been conducted. Comparison between virgin oil 
polymer and waste cooking oil polymer are made. The study of data collection 
between virgin oil polymer and waste cooking oil polymer will be done and 
compared in order to analyse the performance of waste cooking oil polymer. 
1.5 Rationale of the project 
The main purpose of undertaking this study is to identify the mechanical properties 
of bio-polymer from virgin oil and also from waste cooking oil. It also can be 
commercialized and fits the problem of environment as conscious and as an 
alternative to reduce pollution from waste cooking oil that produced from Medium 
Industries (IKS's). 
* CHAPTER I1 
LITERATURE REVIEW 
2. 1 Introduction 
Vegetable oils and fats have been used for countries in the production of coating, 
inks, plasticizers, lubricants and agrochemicals. In year 2000, the productions of oils 
and fats amounted to 17.4 kg per year per capita and it is estimated that these figures 
grow at rate of 3.3 % per year. The total worldwide yearly production of these 
renewable materials was over 110 million tons in year 2002. Vegetable oil 
constitutes the main fraction of these productions. Vegetable oil can be extracted 
from different species, as summarized in Table 2.1, which gives the average annual 
worldwide productions of the 17 most important commodity oils. The major growth 
in the vegetable oil productions is presently related to palm [I]. 
Table 2.1 : Average annual worldwide production of 17 commodity oils for 
2001 -2005 periods [I] 
As the general rule, the chemical composition of oil arises from the 
esterification glycerol with three fatty acid molecules, as show in Figure 2.1. 
Figure 2.1 : The chemical composition of oil 
Given oil is always made up of a mixture of triglycerides bearing different 
fatty acid residues. The chain length of these fatty acids can be vary from 14 to 22 
carbons and contain 0-5 double bond situated at different positions along the chain 
and in conjugated or unconjugated sequence. Table 2.2 collects the 16 most 
important oils with their specific chemical structures [2]. 
Table 2.2: Iodine values of unsaturated fatty acids and their triglycerides [2] 
Paky acid Nunlber ofcarhon ;rlaois Nl~mtler of double bonds Iodine value of ilcid Iodine valut: of 
wig1 yccddr 
Palmitolric acid 1 h 1 99.8 95.0 
Oleic acid 18 1 89.9 86.0 
Lir~oleic acid 18 2 181.0 173.1 
Linolrnic acid and I 8 3 273.5 26 1.6 
cl-Eleoslearic add 
Riiu~olric acid I X  I 85.1 81.6 
Lioanic acid 18 3 ?61.0 !58,0 
2.2 Properties of vegetable oils and fatty acids 
The physical and chemical pf vegetable oils depend on their fatty acids 
distributions. The numbers of double bond as well as their positions within the 
aliphatic chain, affect strongly the oil properties. The actual number of carbon 
atom making up the aliphatic chains plays a very minor role, simply because most 
of these triglycerides have 18 and a few 16. Table 2.3 summarizes some relevant 
properties of common vegetable oil and fatty acids [2]. 
Table 2.3: Some properties of triglycerides oil [2] 
Name Viscosity ( ~ S I  al llS C) Spxiic priy (!O'Y Cj Rthlir ideu ($1 ikllin$ poini ( Cj 
Uaslor oil !93:4 O,Ml-O,Yhh 1473-1,1180 -10 lo -10 
L~naccd 011 ?g,h 11 9!541,93? 1 ,4111-l 481 -20 
I'd1111 011 311 9? U.SBI)-0 993 1 453-1 Jjb 3WO 
Soybran oil 18 49 O,9I74l8Y!4 1,411-1 977 -?I IU -211 
Suelloaer oil 33 3 1 0.91 k0,923 1 471-1,477 -IS lo - lb  
2.3 Structure of triglyceride oils 
The word 'oil' is used for triglycerides that are liquid at ordinary temperatures. They 
are water insoluble products of plants. A triglyceride is an ester product obtained 
from one molecule of glycerol and three molecules of fatty acids. They can also be 
artificially produced from the reaction of glycerol and fatty acids. The fatty acids 
contribute from 94-96 % of the total weight of one molecule triglyceride oil. 
Some fatty acids are saturated and some of them are unsaturated. Saturated 
fatty acids have no double bonds. On the other hand, unsaturated fatty acids have 
one or more than one double bond. If the double bonds in the carbon chain are 
separated by at least 2 carbon atoms, double bonds are called isolatedAdditionally, 
some natural fatty acids have different structures, with acid chains having hydroxyl, 
epoxy or ox groups, or triple bonds. Because of their structural differences, each fatty 
acid has various physical properties [2]. 
CH: - 0 - cCJ - R1 
f 
CH - 0 -  CO - KZ 
I 
CH, ---- 0 - CO - R3 
RL, R2, R3: fatty acid chain 
Figure 2.2: A triglyceride molecule 
Figure 2.3 : Synthesis of triglyceride 
Figure 2.4: (a) saturated, (b) unsaturated (c) Isolated (d) Conjugated 
Table 2.4: Some fatty acids in natural oils 
Somc h l tg  aoidr in aatuml uila 
Nxme Fomiuln Sln~cturo 
Mp-islic acid C14t1x02 r CHJ(CH,'),~CDOH 
Publntic acid C t a H i f l . ~  Cl l i (M3, ,COOH 
Palin~lolcic a c ~ d  C ~ G H , O ,  CH,(CB,JSCII -CH(CHJ;COOH 
Strluic ncid ~ I s H ; c , O ~  CNI(CH~I&OOM 
Oleic ncid ClsHu01 CHl(CHJ;CH = CI-I(CHd;COOH 
Linolcic acid CmI-l3:Q2 . CIi;LC112)4CH = CH-CNrCH = CH(CH2)$OOH 
Linalcnic aud C~gHloOz CkIi-CllrCtl  = CI I-Ct[>-CII = CB-CLirCX = ClllCMr)COOH 
x-Eleosieanc acid ChFIjo02 CHl-(CHZ)>-CH = CH-CH= CH-CH = C11(C11,)E001.I 
Itidnoleic add  C ~ ~ H I J O ~  CH3(CH2 )4CFI-Ctl-CHpC1i=CH(CLi~iiCOUH 
I 
Oti 
\'ernolic uc~d C i s H d ) ~  CM3(CH21,CH-CIi-CfII-CH=CH(CHIhCOOH 
\ / 
0 
Llcinic add Crsll_rrO~ CH~(CH~i~CH=M-Cn=Cf~-CH=CI~~CF13)iC-(CFIL)2COOH 
I1 
0 
2.4 Monomer 
A monomer (from Greek mono "one" and meros "part") is a small molecule that may 
become chemically bonded to other monomers to form a polymer. The most common 
natural monomer is glucose, which is linked by glycosidic bonds into polymers such 
as cellulose and starch, and is over 76% of the weight of all plant matter [3]. 
2.5 Polymer 
Polymers are a large class of materials consisting of many small molecules (called 
monomers) that can be linked together to form long chains, thus they are known as 
macromolecules [4]. A typical polymer may include tens of thousands of monomers. 
Because of their large size, polymers are classified as macromolecules. Humans have 
taken advantage ofadthe versatility of polymers for centuries in the form of oils, tars, 
resins, and gums. 
Polymers are widely used for technical purposes. Depending in their usage 
area, it should be expected that they exhibit some specific properties such as thermal 
stability, flexibility, resistance to chemicals, biocompatibility, and biodegradability, 
adhesion to metallic substances,, gas permeability, electrical conductivity and non- 
flammability. The structure of monomer used in polymer preparation is directly 
effective on these properties. Aromatic polymers, for example, should be resistant to 
high temperatures, polymers having high halogen content are inherently 
nonflammable, and fluorine-containing polymers resist both water and solvents [4]. 
In many cases the properties are significant in specialty products. Degradable 
polyesters, for example are already used as disappearing surgical sutures. For the 
coating purposes, triglyceride oils are subjected to heat treatment or air blowing to 
yield bodied and blown oils, respectively. While in the bodied oils, triglyceride 
molecules combined with each other through the Diels-Alder reaction, the 
corresponding linkages are achieved by the coupling of the free radicals, formed 
from the decomposition of hydro peroxides. These hyrdoperoxides are introduced 
during the air-blowing process [I]. 
In order to improve end-product properties, triglyceride oils have been used 
in the preparation of polymers. Although they have been used since century in 
the paint formulation, in the last decade investigation on oil-based polymers have 
been focused for different purposes. 
2.6 Polymers from renewable resources 
Polymers from renewable resources have attracted an increasing amount of attention 
over the last two decades, predominantly due to two major reasons: firstly 
environmental concerns, and secondly the realization that our petroleum resources 
are finite. Generally, polymers from renewable resources (PFRR) can be classified 
into three groups: (1) natural polymers, such as starch, protein and cellulose; (2) 
synthetic polymers from natural monomers, such as polylactic acid (PLA) and (3) 
polymers from microbial fermentation, such as polyhydroxybutyrate (PHB). 
Particularly, after the petroleum shortage, preparation of polymers from 
renewable sources has become more important. Nowadays, there is a growing 
interest to produce biopolymers. Oil-based biopolymers have many advantages 
compared with polymers prepared from petroleum-based monomers. They are 
biodegradable and, in many cases, cheaper than petroleum polymers. 
Alur@cnl~or~ 
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Figure 2.5: Life cycle of polymers based on triglyceride oils [2] 
2.7 Biodegradable polymers 
In recent years, polyolefin sucb as polypropylene (PP), polyethylene (PE) and 
polystyrene (PS) have been widely used as synthetic polymers in the commercial 
plastic industry but their non-biodegradability and consequent waste disposal 
problems in the natural environment have caused various forms of environmental 
pollution. Non-biodegradable plastic wastes can be reutilized by recycling to useful 
products rather than by burying them, but only a minor portion of the plastics is 
recyclable due to economic infeasibility and technical difficulty [ 5 ] .  
Thus, the demand for degradable and biocompatible polymers is rapidly 
increasing because of the growing recognition worldwide of the need to reduce the 
global environmental pollution resulting from non-biodegradable plastic waste. 
Biodegradable polymers are leading candidates for substitution of non- 
biodegradable plastics because their hydrolytic and enzymatic degradation 
products, such as C02 and H20 or CH4 and H20, can be naturally metabolized 
into non-toxic substances as they are readily susceptible to biological attack in 
natural ecosystems such as active sludge, natural soil, lake and marine [ 5 ] .  
Most biodegradable synthetic polymers are mainly aliphatic polyesters 
produced microbiologically using enzymatic reactions and chemical synthesis such 
as poly condensation and ring-opening polymerization of natural, polymer-based 
products. With the rising concern for environmental protection, biodegradable 
polymers have attracted much attention for increasing their application to 
automotive interior parts and other products. The main disadvantage of using 
biodegradable polymers in high strength application materials such as automotive 
interiors and electronic products is that they are easily degraded under high 
humidity condition. 
Cross-linking is the process of, chemically joining two or more molecules by a 
covalent bond. Cross-linking reagents contain reactive ends to specific functional 
groups on proteins or other molecules. Cross-linking reagents have been used to 
assist in determination of near-neighbour relationships, three-dimensional structures 
of proteins, and molecular associations in cell membranes. 
They also are useful for solid-phase immobilization, hapten-carrier protein 
conjugation, preparing antibody enzyme conjugates, immune toxins and other 
labeled protein reagents [6]. When the term "cross-linking" is used in the synthetic 
polymer science field, it usually refers to the use of cross-links to promote a 
difference in the polymers physical properties. When "cross-linking" is used in the 
biological milieu, it can be in reference to its use as a probe to link proteins together 
to check protein-protein interactions, as well as other creative cross-linking 
methodologies. 
Cross-linking is used in both synthetic polymer chemistry and in the 
biological sciences. While the term is used to refer to the "linking of polymer 
chains" for both sciences, the extent of cross-linking and specificities of the cross- 
linking agents vary. Of course, with all Science, there are overlaps, and the 
following delineations are stated as a starting point to understanding the subtleties 
[6]. Curing agent is a medium viscosity epoxy curing agent. It is used in majority 
situations, at low temperatures and to produce a rapid cure that develops the 
physical properties quickly at room temperature. The ratio between bio-epoxy and 
cross-linking is 2:l. 
2.8.1 4,4' - Methylene Diphenyl Diisocyanate (MDI) 
Methylene diphenyl diis~cyanate~most abbreviated as MDI, is an aromatic 
diisocyanate. It exists in three isomers, 2,2'-MDI, 2,4'-MDI and 4,4'-MDI. The 4,4' 
isomer is most practically useful, and also known as Pure MDI. MDI is reacted with 
a polyol in the manufacture of polyurethane [7]. 
Figure 2.6: Structure of MDI [7] 
Table 2.5 : Properties of MDI [7] 
l'rnpertics 
Otlm nnrms 
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Pure MDI 
4.4-rnethylene cliphenpl dilsocya~lata 
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Figure 2.7: Cross linking reaction of waste cooking oil polyol with MDI[2] 
2.9 Polyol 
Since the synthesis of polyurethanes by Bayer in 1937 [S], their utilization has 
become ubiquitous. These polymers are synthesized by reacting three basic 
components: polyisocyanate, polyhydroxyl containing polymer (i.e., polyester or 
polyether polyol) and a chain extender (usually a low molecular weight diol or 
diamine). Currently, the majority of polyols (polyether and polyester polyols) is 
derived from petrochemicals, a resource subject to depletion. Hence, bio-based 
materials are receiving wide attention as the oil crisis and threat of global warming 
deepen. 
Vegetable oils are becoming extremely important as renewable resources for 
the preparation of polyols required for the polyurethane industry. Polyols from 
natural oils, such as soybean, castor, and palm oils are increasingly being viewed by 
industry as a viable alternative to hydrocarbonbased feedstocks. These oils are 
annually renewabli, and are cost-competitive as well as environment friendly. 
According to a market summary published by the United Soybean Board in 
February 2000, vegetable oil-based polyurethanes are best suited to three markets 
namely: polyurethane foams, polyurethane binders and agricultural films. 
Currently, the total U.S. annual market size is approximately 3000 million pounds 
for polyurethane foams and 400 million pounds for polyurethane binders and fillers. 
The introduction of natural oils as polyols into the polyurethane supply chain can 
provide an opportunity for polyurethane suppliers and customers to reduce their 
dependence on natural gas and crude oil, whose highly volatile and increasing costs 
continue to make it difficult for them to compete. 
Vegetable oils are excellent renewable source of raw materials for the 
manufacture of polyurethane components such as polyols. The transformations of 
the double bonds of triglycerides of oils to hydroxyls and their application in 
polyurethanes have been the subject of many studies [a]. The main technological 
advantages of these polyurethanes from vegetable oils are high strength as well as 
stiffness, environmental resistance and long life. 
Oil-based polyols are often oligomers with a wide distribution of molecular 
weights and a considerable degree of branching, which affect the viscosity and 
processing properties of polyurethane foams produced from them. Precise 
characterization of the polyol composition and its properties are very important for 
understanding synthetic processes as well as for quality control. Polyols are 
component in the production of polyurethanes used in appliances, automotive parts, 
adhesives, building insulation, furniture, bedding, footwear and packaging. 
Although, polyols are currently produced from petroleum, vegetable oils are also 
used extensively for their production. The vegetable oil molecules must be 
chemically transformed in order to obtain hydroxyl moieties. For example, soybean 
oil does not contain hydroxyl groups, but it has an average of 4.6 double bonds per 
molecule. The unsaturated portion of the oil can be converted to hydroxyl groups. 
2.10 Previous Study 
This research contains the method and result of waste cooking oil properties. That 
will be used as guidelines for this project. According to F. Seniha Gu" ner [2] 
natural oils are considered to'be the most important class of renewable sources. 
They can be obtained from naturally occurring plants, such as sunflower, cotton, 
linseed. They consist predominantly of triglycerides. The structure of monomer 
used in polymer preparation is directly effective on these properties. Oil-based 
biopolymers are biodegradable are cheaper than petroleum polymers. Triglyceride 
oils vary widely in their physical properties depending on fatty acids in their 
structure; the choice of triglyceride oil plays an important role on polymer 
properties. Selected fatty acid distribution function of oils via computer simulation 
and the molecular connectivity in order to produces linear, branched, or cross- 
linked polymers. Hydroxyl hnctions group corresponding to free glycerol and/or 
residual moisture and the absorpsion bands are 3500 cm-'. 
The most widely used method to characterize material is infrared 
spectroscopy, particularly Fourier transform infi-ared (FTIR) spectroscopy. It can 
also be used for the structural analysis of oils. The choice of the strategy is 
important to succeed the polymerization and related to the structure of the oil and 
monomer. The presence of oil or fatty acid chain in the polymer structure improves 
some physical properties of polymer in terms of flexibility, adhesion, resistances of 
water and chemicals. Because of their source and structural nature, triglyceride oils 
can widely be used as themselves. 
According to Vinay Sharma [ 5 ] ,  is about condensation polymers from natural. 
The research is to investigate the vegetable oils as one of the most readily available 
alternative to renewable resources. The functional groups present in natural oils can 
be activated for condensation polymerization. All the vegetable oils are 
triglycerides of fatty acids and most contain unsaturated groups. Only a few oils 
contain other groups such as hydroxyl in castor oil, safflower oil and lesquerella oil, 
and oxirane group in vernonia oil. Polyols from natural oils is the variation of the 
un saturation content among natural oils 
Hu et al., (2008) [9] is about prepared rigid polyurethane foam from rapeseed 
oil polyol. They first converted the oil into polyol by hydroxylation, followed by 
alcoholysis. The alcoholysis of the hydroxylated rapeseed oil was required because 
of its low hydroxyl value (ca; lOOmg KOWg), which is not suitable for the 
preparation of rigid polyurethanes. The polyol thus prepared was compared with a 
commercially available polyester polyol, Daltolac P744. The experimental data 
indicate that the compression strength of the PU foam made from rapeseed oil 
polyol is lower than that of Daltolac P744-based foam. The other properties of the 
rapeseed oil polyol foam are similar to those of commercial foam, Daltolac P744. 
' CHAPTER I11 
METHODOLOGY 
3.1 Preparation of Bio-Monomer 
3.1.1 Condensation method 
Waste cooking oil was obtained from Small Medium Industries (IKS's) and was 
chemically manipulated at the laboratory scale using less than two litre of 
vegetable oil. The preparation of the bio-monomer was divided into two stages, 
beginning with the preparation of catalyst to generate the epoxies from the 
unsaturated fatty compounds, while the second stage is the acid-catalysed ring- 
opening of epoxies to form polyols. 
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Figure 3.1 : Methodology Flowchart 
The monomer process involved as show below: 
Figure 3.2: Waste cooking oil fiom IKS's 
Figure 3.3:  Preparation of catalyst 
Figure 3.5: Bio-monomer 
3.2 Preparation of Bio-Polymer 
3.2.1 Bio-monomer preparation 
Monomer from Small Medium Industries (IKS's) was successfully converted into 
solid polymer beginning with the preparation of catalyst to generate the epoxides 
from the unsaturated fatty compounds of the waste cooking oil. While the second 
stage comprised the acid-catalysed ring-opening of the epoxides to form polyols. 
Reaction of the polyol with the cross- linking agents influences the mechanical 
properties of solid polymer. 
3.2.2 Preparing of waste cooking oil polymer 
The sample of waste cooking oil polymer was prepared by using portion 1 :0.5 of bio- 
monomer to 4, 4' - Methylene Diphenyl Diisocyanate (MDI). The mixing process 
was mechanically stirred until a high viscous compound resulted which was lefi to 
cure at room temperature for at least 12 hours until the disappearance of N=C=O 
groups as measured by Fourier Transform Infrared Spectroscopy (FTIR). The sample 
of waste cooking oil was prepared by using portion 1 :0.5 of bio-monomer. 
3.3 Testing 
3.3.1 Fourier Transform Infrgred spectroscopy (FTIR spectroscopy) 
Fourier Transform Infrared spectroscopy (FTIR) analysis is one analytical method of 
differentiating among each type of bonds. When a beam of infrared radiation is 
passed through a substance, the radiation can be either absorbed or transmitted, 
depending upon its fiequency and the structure of the molecules it encounters. 
Energy is absorbed when its frequency matches the natural frequency of the bond 
motion. The energy absorbed by the molecules may bring about increased vibration, 
stretching, bending or rotating. An Infrared Spectrophotomer measures the frequency 
of the energy causing the bond motion. Each type of bond absorbs specific wave 
numbers of infrared light depending on its structure, nature of atoms bonded and 
effects of surrounding atoms. 
Figure 3.6: FTIR spectroscopy 
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